This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Europalsches Patontamt 
European Patent Office 
Office europden dee brevets 



Publication number: 



O 270 692 

A1 



@ 



EUROPEAN PATENT APPLICATION 



published In accordance with Art 158(3) EPC 



® Application number: 87904126.9 
@ Date of filing: 28.06.87 



Data of the International appli- 
cation taken as a basis: 
international application number: 
PCT/JP 87/00432 
International publication number: 
WO 88/00049 (14.01.88 88/2) 



® mta*:A61K 31/43S,C07D 491/044 



® Priority: 26.06.88 JP 150041/88 



Date of publication of application: 16.06.88 
Bulletin 88/24 



@ Designated Contracting States: AT BE CH DE PR QB IT U 
LUNL8E 



@ Applicant: KYOWA HAKKO KOGYO CO., LTD., 

OhtemacW Bldg„ 6-1 Ohtemechl l-chome, CMyoda-ku 
Tokyo 100 (JP) 



® 



Inventor: KUMAZAWA, ToebWd, 1194-88, SWmotogerl, 
NagaJzumJ-cho, 8unto-guti 8hftzuok&411 (JP) 
Inventor: DBASE, HIroyuU, 1188, Shtetotoqarl, 
Nao^tzumlH3rK^SuTrto^wnShtzuo*«411 0P) 
Inventor: NITO, MeeaekT, 190-3, Nagaato 
tzunegeofce-cho, Te^ete-atm, SMznoln 410-22 (JP) 
Inventor: 8AN0 V Tomoyuld, HS8, 8htaiotog»r1, 
N«gelzumi-ciio v Sunto-gun Shteuofc* 41 1 (JP) 
Inventor: KUBO, KezuWro, 625-11 , KesMwakubo 
ShuzenJK-eho, Tagate-gcm Bhtzuofca 41044 (JP) 



Representative: Vosskis & Partner, 
Slebertetrasse 4 P.O. Box 86 07 67, 
D-8000 MOnohMt 86 (DE) 



® ANTIARRHYTHMIC AGENT. 

@ An antiarrhythmic agent which contains a [ijbenzoxe- 
plno[3,4-b]pyridlne derivative or pharmacologically acceptable 
acid addition salt thereof as effective ingredient and a method 
for treatment or prophylaxis of arrhythmia. 
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SPECIFICATION 
ANTIARRHYTHMIC AGENT 

5 

Technical Field 

The present invention' relates to an antiarrhythmic 
agent containing a [l]benzoxepino [3 ,4-b] pyridine derivative 
10 or pharmacologically acceptable acid addition salt thereof 
as effective ingredient. 

Background Art 

15 Heretofore , various compounds have been known as 

the [l]benzoxepinopyridine derivative and [l]benzthiepino- 
pyridine derivative. For example, as the compound having 
antiinflammatory and analgesic activities, a compound 
represented by the formula: 

20 

ode" 

wherein A and B are different from each other and represent 
-CH- or N, X' means oxygen or sulfur and R a represents 
hydrogen or lower alkyl is disclosed in JP-A-1174 96/1974 and 
Chem. Pharm. Bull. Vol.29; page 3515 (1981). 

A compound represented by the formula 



35 
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wherein R*"* represents hydrogen , alkyl, halogenated alkyl, 
alkoxy or halogen , X 1 represents oxygen or sulfur, R° 

represents Z"-N- (CH 2 ) nI -Y f or -N^ n — Z 1 wherein Y 1 

represents amino, substituted amino, heterocyclic group or 
substituted heterocyclic group, Z 1 represents hydrogen, - 
alkyl or acyl, n 1 represents an integer of 1 to 3 and m' 
is 0, 1 or 2 is described in JP-A-6690/1985, JP-A-89419/ 
1985, USP 4547496 and EP 129879A2. 

A compound represented by the formula: 




wherein R , X 1 , Y' and m 1 have the same meanings as pre- 
viously defined and R d represents hydrogen or alkyl is 
described in JP-A-78985/1985 as the compound having unti- 
ulcer activity. 

However, there have been no reports about [1]- 
benzoxepinopyridine derivative or [IJbenzthiepinopyridine 
derivative having antiarrhythmic activity. The known 
compounds having antiarrhythmic activity are not struc- 
turally analogous to the derivatives described above. 

Pirmenol represented by the following formula: 
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is known as the compounds having a pyridine skeleton and 
antiarrhythmic activity (USP 4,112,103).. 

Disclosure of the Invention 

The pharmaceutical composition having an excellent 
antiarrhythmic activity of the present invention contains, 
as effective ingredient, [l]benzoxepino [3, 4-b] pyridine 
derivative represented by formula (I) or a pharmacologically 
acceptable acid addition salt thereof. 




In the formula, 

a) represents lower alkoxy, halogenated lower 

alkyl, halogenated lower alkoxy, hydroxy, lower alkylamino, 

di-lower alkylamino, cycloalkylamino, lower alkanoylamino, 

carboxy amino or lower alkoxy car bony 1 amino, 
2 

R represents hydrogen, 

3 / \ 

R represents Z-N-(CH 2 ) n -Y or -N W 

wherein Y represents amino, lower alkylamino, di- lower 
alkylamino, cycloalkylamino, heterocyclic group containing 
nitrogen or lower alkyl-substituted heterocyclic group 
containing nitrogen, 

Z represents hydrogen, lower alkyl or lower alkanoyl 
n represents 1, 2 or 3, 

W represents hydrogen or lower alkyl, and 

m represents 0, 1 or 2, and 
4 

R represents hydrogen or 

b) R 1 represents lower alkoxy or halogenated lower 
alkyl, 



2 

R represents hydrogen , 

represents -NHCOCH 2 Y wherein Y has the same meaning as 

previously defined, and 
4 

R represents hydrogen , or 
12 

c) R and R simultaneously represent lower alkoxy, 



,3 



R" represents Z— N- (CH_) — Y, -N N -W or -X- (CH 0 ) -Y 

wherein n, Y, Z, m and W have the same meanings as pre- 
viously defined, and X represents oxygen or sulfur, and 
4 

R represents hydrogen or 

d) R?" represents hydrogen, lower alkyl halogen, 

halogenated lower alkyl, lower alkoxy, halogenated lower 

alkoxy, hydroxy, lower alkylamino, di-lower alkylamino, 

cycloalkylamino, lower alkanoylamino, carboxyamino or lower 

alkoxy carbony lamino , 
2 

R represents hydrogen, 

3 4 
with respect of R and R , 
3 

(1) R represents -X-(CH~) -Y wherein n, X and Y have 

z n 4 
the same meanings as previously defined, and R 

represents hydrogen or 

(2) R 3 and R 4 , taken together, are =CH(CH 2 ) n Y 

wherein n and Y have the same meanings as previously 
* defined, or 

(3) R 3 represents -(CH 2 ) n+ ^-Y wherein n and Y have the 
same meanings as previously defined and R 4 represents 
cyano or carbamoyl. 

[hereinafter referred to as Compound (I) , and the compounds 
with the other formula numbers axe likewise referred to] 

In the definitions of groups in formula (I), the 
lower alkyl includes straight or branched chain alkyl 
having 1-6 carbon atoms such as methyl , ethyl , propyl , 
isopropyl, etc., the lower alkoxy includes straight or 
branched chain alkoxy having 1 to 6 carbon atoms such as 
methoxy, ethoxy, propoxy, isopropoxy, etc., and the 
halogenated lower alkyl includes straight or branched chain 
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alkyl having 1-3 carbon atoms substituted by, 1 to 3. and 
the same or different halogen atoms such as fluorine 
chlorine and bromine, including for .example ', trifluoro- 
methyl, etc. The lower alkylamino includes ' Slkylamlfto 
having straight or branched. chain alkyl moiety having 1-6 
carbon atoms, such as methylamino, ethylamino, isopropyl- 
amino, etc. and the di-lower alkylamino includes amino 
substituted by the same or different arid straight or 
branched chain alkyl moiety having 1-6 carbori atoms, such 
as dimethylamino, diethylamino, diisopropylamino, etc. 
The cycloalkylamino includes cycloalky lamino having 5 - 7 
carbon atoms such as cyclopenthy lamino , eye lohexy lamino, 
etc. and the halogenated lower alkoxy includes alkoxy 
having 1-6 carbon atom(s) substituted by 1 to 3 and the 
same or different halogen atom such as fluorine, chlorine 
and bromine, including, for example, trif luoromethoxy . 
2,2,2-trif luoroethoxy, etc. The lower a Ikoxycarbony lamino 
includes alkoxy car bony lamino having 2-7 carbon atoms and 
straight or branched chain alkyl moiety including, for 
example , me thoxy carbonylamino , e thoxy carbony lamino , etc. 

The heterocyclic group containing nitrogen 
includes single or fused double membered heterocyclic group 
having 5 - 8 -membered rings and 1-3 nitrogen atoms* as the 
hetero atom; and single or fused double membered hetero- 
cyclic group having 5 - 8-raembered rings and 1 -3 nitrogen 
atoms and one oxygen or sulfur as the heterb atom; such 
as pyrrolidino, pyrrolidinyl, piperidlno, piperidyl, 

piperazino, piperazinyl, homopiperazino , hombpiperazinyl , 

* . * 

pyridyl, pyrrolyl, quinuclidinyl, imidazolyi; morpholino, 
etc. 

The lower alkyl substituted-heterocyclic, group 
containing nitrogen includes the same heterocyclic group 
containing nitrogen atom as described above except that 
it has alkyl substituents, such as l-ethyl-2-pyrrolidihyl, 
4-methyl-l-piperazinyl , 2 , 6-dimethylpiper idino , etc. , the 
substituents being 1-3, the same or; different and. straight 
or branched chain alkyls having 1-6 carbon atoms such as 
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methyl/ ethyl , isopropyl, etc. 

The lower alkanoyl includes straight or branched 
chain alkanoyl having 1-6 carbon atoms including, for 
example, formyl, acetyl-, and propionyl. The halogen includes 
fluorine, chlorine, bromine and iodine. 

The lower alkanoylamino includes straight or 
branched chain alkanoylamino having 1-6 carbon atoms 
including, for example , formylamino, acetylamino, etc. 

The pharmacologically acceptable acid addition 
salt of Compound I include acid addition salt with pharma- 
cologically acceptable inorganic acid such as hydrochloric 
acid, hydrobromic acid, sulfuric acid, phosphoric acid and 
nitric acid -and with pharmacologically acceptable organic 
acid such as acetic acid, benzoic acid, maleic acid, 
fumaric acid, succinic acid, tartaric acid, citric acid, 
oxalic acid, methanesulfonic acid, toluenesulfonic acid, 
aspartic acid and glutamic acid. 

The test results on. acute toxicity and anti- 
arrhythmic activity of representative compounds of Compound 
I are shown below. 

Test for Acute Toxicity 

Groups of 5 male dd-strain mice weighing 20 ±1 g 
were used. The test compounds were administered either 
orally (0.3 mg/kg) or intraperitoneally (0.1 mg/kg). 

The MLD (minimum lethal dose) was determined by 
observing the mortality for 7 days after the administra- 
tion. Results are given* in Table 1. 

Test for Antiarrhythmic Activity 

Antiarrhythmic activity was examined according 
to mouse chloroform-induced ventricular arrhythmias test. 

DD-strain mice weighing 18-22 g were abstinent 
from food and water for 4 - 5 hours and antiarrhythmic 
activity was examined according to the Block 1 s method 
[Life Science 28, 2623(1981)]. Drugs tested were orally 



- 7 - : : " • "•DO 27X16 9'2 - "* 

administered (100 mg/kg) and the mice were exposed to 
chloroform. After stop of respiration , electrocardiogram 
was measured according to standard limb leading method. 
The case where 720 or less heart beat/min was maintained 
5 for 30 seconds was regarded as effective. 

The test compound was judged as being effective 
when two or more examples were effective among three 
examples. 

The results are shown in Table 1. 

10 

Table 1 





Compound 


Acute Toxicity MLD 


Anti- 
arrhythmic 
Activity 


15 


p.o. 


i.p. 




1.5 Fumarate of 
Compound 1 


more than 
300 mg/kg 


more than 
100 mg/kg 


Effective 


20 


Trihydrochloride 
monohydrate of 
Compound 4 


ii 


n 


n 




Trihydrochloride 
monohydrate of 
Compound 8 


*«* *. 


n 


n 


25 


Trihydrochloride 
monohydrate of 
Compound 13 


n 


N 


IT 




Trihydrochloride 
monohydrate of 
Compound 14 


n 


If 


If 


30 












Compound 16 


n 


If 


ft 




Dihydrochloride of 
Compound 23 


ti 


n 


II 


35 


*2 

5- [2-diethylamino)- 
ethyl] amino- 7 -me thy 1- 
5 , 11-dihydro [1] benz- 
oxepino [ 3 , 4-b] pyridine 






*3 

Ineffective 
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*1 The Compound corresponding to the compound 
number is designated in Table 3 

*2 Compound obtained in Example 2 of JP-A-6690/85 

*3 All of the 3 examples are ineffective. 

A compound represented by formula (I-l) among- 

Compound I 

Z-N-(CH ) -Y . 

(I-l) 




wherein Z, Y and n have the same meanings as defined in 
formula (1) and R 1 represents lower alkoxy is good as the 
antiarrhythmic agent, and above all, a compound wherein 
R 1 is bound to 7 -position is excellent, because Compound 
(I-l) has a good antiarrhythmic activity and a less 
toxicity , and the antiarrhythmic doses of Compound (I-l) 
used in a variety of arrhythmia' models are very apart of 
those of adverse effects. 

The antiarrhythmic activity , the acute toxicity, 
and the results of the representative adverse effect tests 
using 1.5 fumarate of Compound 1 are shown in Table 2'. 
When 500 mg/kg of the compound was orally administered to 
a male dd-strain mouse, no effect on central nerve such as 
central excitatory state, central inhibitory state or 
muscle reluxing state was observed. 

In Table 2, Test Nos. 1 and 4 are tests on anti- 
arrhythmic activity and Test No. 3, on anticholine activity 
and Test No. 5, on side effect. What is meant by the 
small ratio of Test No. 1 to that of Test No.. 3 and the 
small ratio of Test No. 4 to that of Test No. 5 is that the 
compound has high therapeutic ratio Cwide safety margin) . 
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Table 2 



1 


Chloroform-induced ventricular 
antiarrhythmic activity test *1 ED50 


80 mg/kg 


2 


Acute toxicity test *2 iv 

LD 50 P° 


93 mg/kg 
>1000 mg/kg 


3 


Mydriasis activity test *3 ED 10Q 


235 mg/kg 


4 


The concentration required to prolong 
effective refractory period by 30% *4 


4.9 irg/ml 


5 


The concentration required to reduce 
the amplitude, of myocardial contrac- 
tile force by 30% *4 


110 yg/ml 


6 


5/4 (ratio) 


' 22.4 



*1 The test was conducted according to the foregoing 
mouse chloroform-induced venticular antiarrhythmic activity 
test to determine ED 5Q . 

*2 The test was conducted according to the foregoing 
acute toxicity test. The test compound was orally (po) or 
intravenously (iv) administered and ^ 5Q was calculated 
from the number of death in 72 hours after administration. 

*3 Male dd-strain mice weighing 18-22 g were used. 
Under the illumination of 1000 luxes, pupil size was 
measured with stereoscopic microscope and the mice, the 
pupil size of which is 0.2 ±0.1 ram, were used. The pupil 
size was measured before and SO minutes after the oral 
administration of test compound and ED 10Q was defined as a dose 
required to double the sifce.;. 

*4 Male Hartley-strain guinea pigs weighing 300 - 
500 g were used. Immediately after beating to death, the 
breast was cut open, and the left atrium excised was hung 
up in 30 ml of Krebs-Henseleit solution (31 ±1°C, under 
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95% 0 2 + 5% C0 2 gas) under load of 0,5 g. The contractile 
force formed by electric stimulus of square wave pulses 
(2Hz, 1 msec, 1.5 times of threshold voltage) was recorded 
in polygraph through tension transducer. Effective refrac- 
tory period was obtained— by the Vaugham- Williams and 
Szekers method [Br. J. Pharmacol. 17, 424 (1961)]. 
Stimulus frequency was continuously increased from 2Hz. 
The maximal driven frequency was determined by progressive 
elevation of stimulation frequency until the tissue failed 
to follow each stimulus, thus effective refractory period 
being calculated as the reciprocal of the maximal driven 
frequency. That is, 3Hz, 4Hz and 5Hz are defined as 333 
msec, 250 msec and 200 msec, respectively. After twice 
control measurements were carried out, the test compound 
was added to a nutrient medium and ten minutes later, the 
value was measured and compared to the control. 
Concurrently, the effect against myocardial .contractile 
force was examined. The concentration required to prolong 
effective refractory period by 30% and the concentration 
required to reduce the amplitude of myocardial contractile 
force by 30% were determined. 

Compound (I) and the pharmacologically acceptable 
acid addition salt thereof can be used in various medica- 
ment forms for the administration purposes in view of the 
pharmacological activity thereof. 

The present medicament composition can be pre- 
pared by uniformly mixing an effective amount of Compound 
(I) or an acid addition salt thereof as an active component 
with a pharmaceutically * acceptable carrier or excipient. 
The carrier can take a wide range of forms in accordance 
with a desirable medicament form for the administration. 
These medicament compositions are desirably in a unit 
dosage form suitable for the oral administration or injec- 
tion administration. In the preparation of a composition 
in the oral dosage form, any useful, pharmaceutically 
acceptable carrier can be used. For example, an oral 
liquid preparation such as a suspended medicament or syrup 
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medicament can be prepaxed using water; sugars such as 
sucrose, sorbitol, fructose, etc.; glycols such as poly- 
ethylene glycol, propylene glycol, etc.; oils such as 
sesame oil, olive oil, soybean oil, etc.; antiseptics 
such as alkyl parahydroxybenzoate, etc.; and flavors such 
as strawberry flavor, peppermint, etc. Powder, pills, 
capsules and tablets can be prepared using an excipient 
such as lactose, glucose, sucrose, mannitol, etc.; a dis- 
integrator such as starch, sodium alginate, etc.; a 
lubricant such as magnesium stearate, talc, etc.; a binder 
such as polyvinyl alcohol, hydroxypropylcellulose, gelatin, 
etc.; a surfactant such as fatty acid esters; and a 
plasticizer such as glycerine, etc. Tablets and capsules 
are the most useful, oral unit dosage forms because of 
easy administration. To prepare tablets and capsules, 
solid carriers for medicament are used. Injection solution 
can be prepared using a carrier consisting of distilled 
water, a salt solution, a glucose solution or- a mixture of 
the salt solution and the glucose solution. The effective 
dosage of Compound I or salt thereof is 150 -800 mg / adult 
(60 kg) /day for oral administration and the number of 
administration is preferrably 3 times/day. 

The effective dosage is 150 -600 mg/adult (about 
60 kg) for non oral- administration, at the time when the 
administration is required. 

The treatment, prophylaxis or prevention of 
arrhythmias such as sinoatrial arrhythmias, sinus tachy- 
cardia, supra ventricular arrhythmias and ventricular 
arrhythmias can be made* by administration of Compound (I) . 

The process for producing Compound I is explained 

below. 

Compound I can be produced according to the *l 
method described below using Compound II. represented by 
the formula: 



r r * r •# 
r r . t • • • ♦ • • 

. m r » * • • • • * 
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( ii ) 



10 



1 2 

wherein R and R have the same meanings as defined in - 
formula (I) 

Compound II can be produced according to the 
methods described in JP-A-1174 96/74 or Chem. Pharm. Bull. 
29 , 3515 (1981) or according to the methods shown in 
Compound production examples 33 and 35. 



15 



Process A 



20 



( ID 



OH 




( HI) 



25 




( I-D 



30 



35 



wherein R represents hydrogen, lower alkyl, halogen, 
halogenated lower alkyl, lower alkoxy, halogenated lower 
alkoxy, lower alkylamino, di-lower alkylamino, cycloalkyl- 

amino, lower alkanoylamino , carboxylamino or lower alkoxy- 

6 - 56 
carbonylamino and R represents hydrogen or R and R 

simultaneously represent lower alkoxy; 

R 7 represents Z ' -N- ( CH 2 ) -Y , N N - W or -X- ( CH 2 ) n ~Y 

' N - (CH 2 , m 
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10 



15 



wherein n, Y, W, m and X have the same meanings, as defined 
in formula (I) and Z' is hydrogen or lower alkyl; 

Compound II is subjected to reaction in an 
alcoholic solvent such as methanol and ethanol in addition 
of tetrahydrofuran in the presence of 0.5 -1 equivalent of 
sodium borohydride at from 0°C to room temper ature for 
1-6 hours to obtain Compound III. Compound III is sub- 
jected to reaction with 1-2 equivalents of halogenating 
agent such as thionyl chloride in dichlorome thane under 
from ice cooling to room temperature for 1-6 hours to 
obtain chlorinated Compound III. The mixture is subjected 
to reaction with 1-5 equivalents of the compound repre- 
sented by the formula R 7 -H (IV) if necessary, in the 
presence of 1 - 5 equivalents of a base such as pyridine, 
trie thy lamine , etc., in dichlorome thane under ice cooling 
to room temperature for 1-6 hours to obtain Compound 1-1. 
The production example of Compound III is shown in Compound 
production example 36, 



20 



Process B 



25 



Compound III 




( V) 



30 



Cl-(CH 2 ) n -Y 
( VI) 



NH-(CH 2 ) n Y 




( 1-2 ) 



35 



In the formulae, R and R have the same meanings as 
defined in formula (II), and Y and n have the same meanings 
as defined in formula (I) . 



After chlorination of Compound III with thionyl 
chloride f in the similar manner to in Process A, the 
mixture is subjected to reaction with an excess amount of 
aqueous ammonia solution such as dichlorome thane ammonia 
solution under ice cooling to room temperature for 1-6 
hours to obtain Compound V. Compound V is subjected to 
reaction . with 1 t:2 equivalents of Cl-(CH 2 ) n -Y (Compound .VI) 
or hydrochloride thereof wherein n and Y have the same 
meanings as defined in formula (1) , if necessary, in the 
presence of a base such as 1 - 5 equivalents of triethyl- 
amine and a catalytic amount of potassium iodide or sodium 
iodide in an inert solvent such as toluene acetonitrile, 
etc. , at a temperature of from room temperature to the 
boiling point of solvent to be utilized for 4-20 hours to 
obtain Compound 1-2. 

The production of Compound V is exemplified in 
Compound production example 24. 

Process C 




(HI 1 ) (1-3) 



In the formulae , R represents hydrogen, lower 
alkyl, halogen, halogenated lower alkyl, lower alkoxy, 
halogenated lower alkoxy, lower alkylamino, di-lower 
alkylamino, cycloalkylamino, lower alkanoylamino, carboxy- 
amino or lower alkoxycarbonylamino and Y and n have the 
same meanings as defined in formula (I) . 

Compound III 1 is subjected to reaction with 1-2 
equivalents of Compound (VII) or acid addition salt thereof 
in the presence of 1-2 equivalents of trif luoroacetic 
anhydride on the basis of Compound III in an inert solvent 
such as carbon tetrachloride, chloroform, 1, 2-dichloroethane, 
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1,1,2,2-tetrachloroethane, etc., at a t^iii^eratur^ of from 
room temperature to the boiling point of the' silVent to be 
utilized for 4-20 hours to obtain Compound 1-3. 

Process D 

O 




(1-4) (I - 5) 



In the formulae, R , Y and n have the same 
meaning as defined in formulae (III') and (I)* . 

Ylide having the formula Ph-P =-CH-(cSO -Y 

•j *l n 

wherein n and Y have the same meanings as previously 
defined, can be produced by incubating 1-5 equivalents of 
Ph + 3 P-(CH 2 ) n+1 -Y .Br" (Compound VIII) or the acid addition 
salt thereof on the basis of Compound II 1 , wherein n and Y 
have the same meanings as previously defined, in the pre- 
sence of 2 equivalents of a base on the basis of Compound 
VIII such as sodium hydride and n-butyllithium in an 
organic solvent such as ether, tetrahydrofuran, 1,2-. 
dimethoxyethane , dimethyl sulfoxide, .dimethyJLf ormamide , 
etc., at a temperature of from 0°C to room temperature for 
1 to 5 hours . 

To the ylide reaction mixture is added one equiv- 
alent of Compound (II 1 ) and the mixture is subjected to 
reaction at a temperature of -78°C to room temperature for 
2-12 hours to obtain Compounds 1-4 and 1-5. The reaction 
mixture is subjected to column chromatography on silica gel 
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or recrystallization for the isolation of the two compounds 
from each other. 



Process E 

~ O 




( V ) (IX) 




( 1-6 ) . , 

9 

In the formulae, R represents lower alkoxy, 
halogenated lower alkoxy or halogenated lower alkyl and 
R 10 and R 1 ^" axe- the same or different and independently 
represent hydrogen , lower alkyl or cycloalkyl, or the whole 

of -N^ n represents the heterocyclic ring or the lower 
R 

alkyl-substituted heterocyclic ring, contained in the 
definition of Y. 

Compound V 1 obtained in Process B is subjected 
to reaction with 1 - 1 . 5 . equivalents of a-chloroacetyl- 
chloride, if necessary, in the presence of 1 - 2 equivalents 
of a base such as pyridine and triethylamine in an organic 
solvent such as dichloromethane , ethylether, etc. under ice 
cooling or at room temperature for 1-3 hours to obtain 
Compound IX. 

Compound IX is subjected to reaction with 1-5 
equivalents of Compound X, if necessary, in the presence 
of a catalytic amount of sodium iodide or potassium iodide 
in an organic solvent, such as toluene, acetonitrile, etc. 
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at a temperature of from room temperature to the boiling 
point of the solvent to be utilized for 1 -6 hours to 
obtain Compound 1-6. 



Process F 



C1 - (CT 2W Y 

Compound ill' > I O I IQt ( XI1 ^ ; 




( XI ) 



NC N / (CH 2>n + l- Y 




15 ( 1-7 ) 



j 8 

In the formulae, R , Y and n have the same 
meanings as defined in formula (III 1 ) and formula (I). 

20 After chlorination of Compound III 1 with thionyl 

chloride according to the similar manner to in* Process A, 
the mixture is subjected to reaction with 1-3 equivalents 
of cyanide such as sodium cyanide, potassium cyanide, 
copper cyanide, silver cyanide, etc. in an organic solvent 

25 such as acetonitrile, dimethylformamide, etc. at a temper 

rature of from room temperature to the boiling point of the 
solvent to be utilized for 1-3 hours to obtain Compound XI. 

Compound XI is subjected to reaction with 1-1.5 
equivalents of a base such as sodium hydride and sodium 

30 amide in an organic solvent such as toluene, tetrahydro- 

furan # dimethylformamide, etc. at a temperature of from room 
temperature to the boiling point of the solvent to be 
utilized for 1-3 hours to form an anion. To the reaction 
mixture is added 1-2 equivalents of Compound XII and the 

35 mixture is subjected to reaction at a temperature of from 
room temperature to the boiling point of the solvent to be 
utilized for 3-10 hours to obtain Compound 1-7. 
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Compound 1-7 : is subjected to hydrolysis under 
acidic or basic condition, for example , by heating it in 
an mineral acid such as concentrated sulfuric acid or con- 
centrated hydrochloric acid to obtain Compound 1-8 

Process G 

R 3 R 4 



( 1-9) 




3 4 

15 in the formulae, R and R have the same meanings 

as defined in formula (I) . 

Compound 1-9 obtained according to Processes A-F 
is subjected to reaction with 1-3 equivalents of boron 
halogenide such as boron trichloride, boron tribromide, 
20 boron triiodide, etc. in an organic solvent such as di- 
chlorome thane at a temperature of from -78 °C to room 
temperature for 2 -12 hours and the mixture is subjected 
to hydrolysis by adding water to obtain Compound 1-10. 

Compound I obtained according to Processes A - G 
25 is in a form of crystals or oily matter as free base, and 
can be purified by column chromatography or recrystalliza- 
tion to obtain Compound I in highly purified form. 

A pharmacologically acceptable acid addition salt 
of Compound I can be produced by reacting Compound I with 
30 an acid according to the conventional manner. 

Among Compound I, the compound represented by 
formula 1-11 and a pharmacologically acceptable acid 
addition salt thereof are novel compounds. 




( I-H ) 



-I.-' : O0T27O69Z 



In the formula: 
1" 

a) R represents halogenated lower alkoxy, hydroxy, 

lower alkylamino, di-lower alkylamino, cycloalkylamino, 

lower alkanoylamino, carboxyaminp or lower alkoxycarbonyl- 

amino; 
2 1 * 

R . represents hydrogen; A k 

"* # v / \ 

R represents Z-N- (CR 0 ) -Y or -N N— W 

^ n % / 

wherein Y represents amino, lower alkylamino, di-lower 
alkylamino, cycloalkylamino, heterocyclic group containing 
nitrogen or lower alkyl-substituted heterocyclic group 
containing nitrogen; 

Z represents hydrogen , lower alkyl or lower alkanoyl, 

n represents 1, 2 or 3; 

W represents hydrogen or lower alkyl; 

m represents 0, 1 or 2 and 
4 1 

R represents hydrogen; 



R 3 ' 



1" 2 1 

b) R and R , taken together, are lower alkoxy; 
represents Z-N- (CH 9 ) -Y, -if \l— W or -X-(CH 0 ) -Y 

1 2 n Mdfao, 2 n 



*2'm 

wherein n, Y, Z, m and W have the same meanings as pre- 
viously defined and X is oxygen or sulfur and 
R represents hydrogen or, 
1" 

c) R represents hydrogen, lower alkyl ,* halogen , 

halogenated lower alkyl, lower alkoxy, halogenated lower 

alkoxy, hydroxy, lower alkylamino, di-lower alkylamino, 

cycloalkylamino, lower alkanoylamino, carboxylamino or 

lower alkoxy carbonylamino ; 
2 1 

R- represents hydrogen; 

With respect to R and R 
3 1 

(1) R represents -X- (CH^) -Y wherein n, X and.Y have 

A t 

the same meanings as previously defined, R represents 

hydrogen; 
3 1 4 1 

(2) R and R , taken together, are =CH« (CH 0 ) Y wherein 

z z n 

n and Y have the same meanings as previously defined 
or 



« 4 * 



* * * 
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(3) R represents "( CH 2 ) n+l"" Y wherein n and Y have the 

same meanings as previously defined and R 4 ' represents 
dyano or carbamoyl. 

Table 3 gives the designation of typical examples 
of Compound I # and Tables 4-1 and 4-2 show the structural 
formulae thereof. Table 5 gives physicochemical properties 
of the examples of Compound I or acid addition salts thereof, 



Table 3 



15 



20 



25 



30 



35 



Compound 



8 



Name 



5- [2- (Diethylamino) ethyl] amino- 7-me thoxy- 5 , 11- 
dihydrd [1] benzoxepino [3 , 4-b] pyridine 

5- [2- (Diethylamino) ethyl] amino- 8 -me thoxy- 5 , 11- 
dihydro [Dbenzoxepino [3 , 4-b] pyridine 

5- [2- (Diethylamino) ethyl] amino- 9-methoxy-5, 11- 
dihydro [1] benzoxepino [ 3 , 4-b] pyridine . 

5- [2- (Diethylamino) ethyl] amino-7-isopropoxy-r 
5, 11-dihydro [1] benzoxepino [3 # 4-b]pyridine 

5- [2- (Diethylamino) ethyl] amino-7, 8-dimethoxy- 
5 , 11-dihydro [1] benzoxepino [ 3 , 4-b] pyridine 

5- [2- (Dimethyl amino) ethyl] amino-7-methoxy-5 , 11- 
dihydro [1] benzoxepino [3 , 4-b] pyridine 

5- [3- (Dime thy lamino) propyl] amino- 7-methoxy- 
5 , 11-dihydro [1] benzoxepino [3 , 4-b] pyridine 

5- [3- (Diethylamino) propyl] amino- 7 -me thoxy- 5 , 11- 
dihydro [1] benzoxepino [3 , 4-b] pyridine 

5- [2- (Diisopropylamino) ethyl] amino- 7-methoxy- 
5 , 11-dihydro [1 ] benzoxepino [ 3 , 4-b] pyridine 



r r t r 
t r « 



r • 
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Table 3 (continued) 





Compound 


Name 


5 


10 


7-Methoxy-5- [2- (1-pyrrolidinyl) ethyl Jamino- 
5 / 11-dihydro [1] benzoxepino [3 , 4-b] pyridine 




11 


7-Methoxy-5- [2- (morpholino) ethyl] ami no- 5, 11- 
dihydro [1] benzoxepino [3 , 4-b] pyridine 


10 


12 


5- [3- (Cyclohexylamino) propyl] amino-:7-methoxy- 
5 , 11-dihydro [ 1 ] benzoxepino [ 3 , 4-b ] pyridine 




13 


5- [ (l-Ethyl-2-pyrrolidinyl)methyl]amino-7- 
methoxy-5 , 11-dihydro [1] benzoxepino [3 ; 4-b] pyridine 


15 


14 


5- [ ( l-Ethyl-2-pyrrolidinyl) methyl ]amino-7- 
methoxy-5 , 11-dihydro [1] benzoxepino [3 „ 4-b] pyridine 




15 ' 


5- ( 2-Aminoe thy 1 ) amino-7-methoxy-5 / 11-dihydro- 
[1 ] benzoxepino [ 3 , 4-b] pyridine 


20 


16 


* . 

5- (4-Methyl-l-piperadinyl) -7-methoxy-5 , 11- 
dihydro [1] benzoxepino [3 , 4-b] pyridine 


25 


17 


5- [2- ( Die thy lamino) ethyl] oxy-7-methoxy-5 , 11- 
dihydro [1] benzoxepino [3, 4-b] pyridine 


18 


5- [2- (Diethylaminp) ethyl] amino- 7-dime thy lamino- 
5, 11-dihydro [1] benzoxepino [3 , 4-b] pyridine 


30 


19 


5- [2- (Ethylamino) ethyl] amino-7-methoxy-5 , 11- 
dihydro [1] benzoxepino [3 , 4-b] pyridine 




20 


5-{N-ethyl-N- [2- ( diethy lamino) ] ethyl }amino-7- 
methoxy-5 , 11-dihydro [1] benzoxepino [3 ', 4-b] pyridine 


35 


21 


5- [2- ( 2 , 6-Dimethylpiperidino) ethyl] amino-7- 
methoxy- 5 , 11-dihydro [1] benzoxepino [3 > 4-b] pyridine 




22 


• 

5- [2- (Cis-2 , 5-dimethyl-l-pyrrolidino) ethyl] amino- 
7-methoxy-5, 11-dihydro [1] benzoxepino [3 , 4-b] pyridin 



rcc • « r . * r ; r * * c 
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Table 3 (continued) 





l~OIlip(J U-UU. 




5 


23 


5- [2- (Trans-2, 5-dimethyl-l-pyrrolidino) ethyl] - 

QUI X UU / llltS UilUJyy J / JLX UJLliyUlU L -L J XJcli Z*vjytfcipi no 

[ 3 r 4 -b ] pyridine 


10 


Zf* 


d iujLc unyxcuuxno j ctayij tnio / — iue uiioxy d r xx 
dihydro [1] benzoxepino [3 , 4-b] pyridine 


- 


ZD 


j L v« / w— Qxeunyxaitixno j aceuyiaiuino"' /— itieunoxy— d f i.x— 
dihydro [1] benzoxepino [3 , 4-b] pyridine 


15 


ZO 


3— 'uyano- o— lo—aii sop ropy xaiuino ; propyl— o , 11- 
dihydro [1] benzoxepino 13 , 4-b] pyridine 




Z / 


j v>arjjaiuoyx j v -5 uixsopropyiainiuo/ piopyx— j / ii" 
dihydro [11 benzoxepino [3, 4-b] pyridine 


20 


Z o 


d— l z~" \uie Lnyiaiuino j etnyxj ami.no"" /"ayoroxyD # 11 
dihydro [1] benzoxepino [3 , 4-b] pyridine . 




O Q 

z y 


\<£t) —3— ^ j— dxeuxiy lannnopropyiiaene j — /-iacuxioxy 
: 5, 11-dihydro [1] benzoxepino [3 , 4-b]pyridine 


25 




\& ) —3— v J uieunyiaiuinopropyxiuene > — /— uieunoxy— 
5 , 11-dihydro [1] benzoxepino [3 r 4-b] pyridine 






^Xj ^ —3— ^ j u j. c Liiy JLaiuxnup rupy x xuciic / zj j xx CLXxiyaxro— 
[I] benzoxepino [3 , 4-b] pyridine 


30 


32 


(Z) -5- (3-diethylaminopropylidene) -5 # 11-dihydro- 
[1] benzoxepino [3 9 4-b] pyridine 




33 


5- [2- (diethylamino) ethyl] thio- 5 , 11-dihydro [1]- 
benzoxepino [3 , 4-b] pyridine 


35 


34 1 


5- [ 2-diethylamino) ethyl] thio-7-methyl-5 , 11- 
dihydro [llbenzoxepinio [3, 4-b] pyridine 
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Compound 


R 1 


R 2 


R 3 


R 4 


1 


7 — OMe 






H 


2 


o uric 


it 


n 
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3 


9 - OMe 


it 


it 


ii 


4 


7 -OiPr 


it 


. n 


it 


5 


7 - OMe 


8-OMe 


ii 


tt 
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XI 


NH NMej 
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7 


it 
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NH/\^\NMe 2 


w . 


8 


ii 


it 


NH ^V*S> NEt 2 


it 


9 ; 


it 


it 


NH NiPr~ 


it 


10 


n 


n 




ft 


n 


ii 


it 


/ — \ 

NH--*\^-N O 
\ / 


w 


12 


it 


it 




it 


13* 


ii 


it 
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14* 
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it 




ii 
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Compound 


R 1 


R 2 


R 3 


R 4 


15 


7 - OMe 


H 




: H 


16 


n 


n 


^NMe 


11 


17 


it 


it 


0^\^"NEt~ 
z 


! " 


18 


7 -NMe 2 


ii 




ii 


19 


7 - OMe 


n 


NH-^V^NHEt 


ii 


. 20 


ii 


n 


EtN — s N^NEt 2 


ii 


21 


n 


n 


v 


n 


22 


n 


» 


NH^\^N J 

4 


ii 




u 


n 


Din ^^Sk^" JN J 


ii 


24 


ii 


ii 


S -^s-^NEt- ! 

Z 


ii 




n 


ii 


o 


ii 




XX 

a. 


ii 


r*W fW OTT T\T«i *D v 

2 2 2 2 


CUM 


9*7 
Z / 


ii 


ii 


ii 




28 


7 - OH 


ii 


NH^S/NEt 2 


H 


33 


H 


n 


S^Sx^NEt 2 


11 


34 


Me 


ii 


ii 





* diastereomer 
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Example 

* Examples and Compound Production Examples of the 
present invention are shown below. 

Example 1 Tablet 

A tablet comprising the following components was 
prepared in a conventional manner. 



1.5 fumarate of Compound 1 20 mg 

■ Lactose 60 mg 

Potato starch 30 mg 

Polyvinyl alcohol 2 mg 

Magnesium stearate 1 mg 

Tar pigment q.s. 



Example 2 Powder 

A powder comprising the following components was 

prepared . in a conventional manner . 

Trihydrochloride monohydrate of 20 mg 

Compound 4 

Lactose 280 mg 

Example 3 Injection 

A distilled water for injection was added to 100 
mg of trihydrochloride monohydrate of Compound 8, until the 
total volume was 20 ml, Then f an injection preparation was 
prepared in a conventional manner. 

Compound production example 1 

In this example, 6.00 g of 5-hydroxy-7-methoxy- 
5 / ll-dihydro[lJbensoxepino[3 / 4-b]pyridine obtained in Com- 
pound production example 36 was dissolved in 100 ml of 
dichloromethane and 2.7 ml of thionyl chloride was added 
thereto under ice cooling. The resultant solution was 
stirred under ice cooling for 30 minutes and at room 
temperature for one hour. The reaction mixture was con- 
centrated under reduced pressure to dryness and the residue 
was dissolved in 30 ml of dichloromethane. To the solution 
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was added under ice cooling a solution of 14.50 g of N,N- 
diethylethylenediamine dissolved in 120 ml of dichloro- 
methane. After stirring the reaction mixture under ice 
cooling for 30 minutes and at room temperature for one hour, 
5 100 ml of dichloromethane was added thereto. The mixture 
was washed with water, dried over anhydrous sodium sulfate, 
filtered and concentrated under reduced pressure. The 
residue was subjected to column chromatography on silica 
gel using ethylacetate / triethylamine = 20 /1 as an eluent 
10 to obtain 7.21 g of Compound 1 as crystals. 

One gram of Compound 1 was reacted with 0.51 g of 
fumaric acid in isopropanol to obtain crystals which was 
recrystallized from isopropanol to obtain 1.07 g of 1.5 
fumarate of Compound 1. 

15 

Compound production examples 2-20 

The similar procedures as in Compound production 
example 1 were repeated except that the raw materials shown 
in Table 6 were used instead of 6.00 g of 5-hydroxy-7- 
20 methoxy-5,ll-dihydro [1] benzoxepino [3, 4 -b] pyridine and 14.50 
g of N,N-diethylethylenediamine in Compound production 
example 1 to obtain Compounds 2-20 in Table 6. 
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Table 6 



Compound 
Produc- 
tion 
Example 


Raw Material 


Product 


Compound 


Used 
Amount 

(g) 


Com- 
pound 
No. 


1 Obtained 
Amount 

(g) 


2 


5-Hydroxy- 8-methoxy-5 , 11- 
dihydro [1] benzoxepino- 
[3, 4-b] pyridine 

N,N-diethylethylene- 
diamine 


2.00 
4.80 


2 


2.35 


3 


5-Hydroxy- 9-methoxy-5 , 11- 
dihydro [l]benzoxepino- 
[3 , 4-b] pyridine 

N , N-diethy lethylene- 
di amine 


0.97 
2.30 


3 


0.58 


4 


5 -Hydroxy- 7 - i sopropoxy- 
5 , 11-dihydro [1] benzoxe- 
pino [3 , 4-b] pyridine 

N , N-diethyle thylene- 
di amine 


1.S4 
4.15 


4 


2.32 


5 


7, 8-Dimethoxy-5-hydroxy- 
5 , 11-dihydro [l]benzoxe- 
pino [ 3 , 4 -b ] pyridine 

N , N-diethy lethylene- 
di amine 


1.35 
2.90 


5 


1.43 


6 


5-Hydroxy-7-methoxy-5 , 11- 
dihydro [ 1 ] benzoxepino- 
i Jf* dj pyridine 

N/N-dimethylethylene- 
di amine 


2.00 
3.60 


6 


2.06 


7 


5-Hydroxy- 7-methoxy-5 , 11- 
dihydro [ljbenzoxepino- 
.3 , 4-b] pyridine 

3-Diethylaminopropyl- 
amine 


2.00 
4.19 


7 


1.40 
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Compound 


Raw Material 


Product 


5 


Produc- 
tion 
Example 


Compound 


usea 
Amount 

>> , 


Com- 
pound 

... No. 


Amount 

..(g) 




f 

8 


s— riya.ro xy— /— metnoxy— :> r ll— . 
dihydro [1] benzoxepinq- 
[ 3 , 4-b ] pyridine 


t* 

2.00 • 


8 


2.29 


10 




3-Diethylaminopropyl- 
amine 


5.35 








9 


5-Hyaroxy-7— metnoxy-5 , 11- 
dihydro [l]benzoxepino- 
[3 , 4-b] pyridine 


2.00 


9 


2.44 


1 c 
ij 




N , N- dii sopropy lethy lene- 
diamine 


5.90 








10 


5-Hydroxy-7-methoxy-5, 11- 
dihydro [1] benzoxepino- , 
[3, 4-b] pyridine 


2.00 


[ : ' 

10 j 


1.79 


20 




1- (2-Aminoethyl) - 
pyrrolidine 


4.70 




.. . 




11 


5-Hydroxy- 7-methoxy-5 ,11- 
dihydro [ 1 ] benzoxepino- 
[ 3 , 4-b] pyridine 


2.00 . 


,11 


2.18 


25 




N- (2-arainoethyl) - 
morphorine 


5.35 








12 


5-Hydroxy-7-methoxy-5 , 11- 
dihydro [ 1 ] benzoxepino- 
[ 3 , 4-b] pyridine 


2 .00 : 


12 


2.83 


30 




N— (3-aminopropyl) cyclo— 
hexylamine 


6.42 








13 


5-Hydroxy- 7-methqxy- 5 , 11- 
dihydro [ 1 ] benzoxepino- 
[ 3 , 4 -b ] py r i dine 


4.00 


13 


2.14 


35 


14 


2- (Aminoethyl) -1-ethyl- 
pyrrolidine 


10.60 r 


14 


1.90 
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Compound 


Raw Material 


Product 


c 


Produc- 
tion 
Example 


Compound 


Used 
Amount 

(g) 


Com- 
pound 
No. 


Obtained 
Amount 

(g) 




15 


5-Hydroxy-7-methoxy-5 , 11- 
dihvdro fll benzoxenino— 
r 3 • 4— b 1 Dvridine 


2.00 


1 c 


1 KG 
X • Do 


a.0 




Ethylenedi amine 


. 4.90 








16 


5-Hydroxy-7-methoxy-5 , 11- 
dihydro [l]benzoxepino- 
[ 3 , 4 -b ] py r i dine 

N-methylpiperizine 


1.50 
3.10 


16 


1.13 


15 












17 


5-Hydroxy-7-methoxy-5 , 11- 
dihydro [l]benzoxepino- 
[3 , 4-b] pyridine 

2-Diethylaminoethanol 


2 . 00 
4. 80 


17 


2.24 


20 












18 


7-Dimethy lamino- 5- 
hydroxy-5,ll-dihydro [1]- 
ben zoxepino [ 3 , 4 -b ] - 
pyridine 


1.57 


1 R 


X • X4 


25 




N , N-Diethy le thy lene- 
di amine 


3.60 








.19 


5-Hy droxy- 7-me t hoxy- 5 , 11- 
dihydro [1] benzoxepino- 
[3 , 4-b] pyridine 

N-ethylethylehedi amine 


5.00 
9.08 


19 


2.05 


30 














20 


5-Hydroxy-7-methoxy-5 , 11- 
dihydro [l]benzoxepino- 
[3 , 4-b] pyridine 


2.00 


20 


2.19 


35 




N , N , N 1 -trie thy le thy lene- 
di amine 


5.90 
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Compound production example 21 

In this example, 2.00 g of 5-ajnino-7-methqxy- A 
5, 11-dihydro [1] benzoxepino [3, 4-b]pyridine, 2. 60 g of hydro- 
chloride of 2-(2 / 6^imethylpiperidino)ethylqhloride / 3.5 ml 
5 of triethylamine and a catalytic amount of sodium, iodide 
were refluxed in 60 ml of toluene for 12 hours. ; w jy£ter 
cooling, the reaction mixture was washed with water apd 
then saturated aqueous sodium chloride solution, dried over 
anhydrous sodium sulfate, filtered and concentrated under 

10 reduced pressure. The residue was subjected to column 

chromatography on silica gel using ethyiacetate / triethyl- 
amine = 10/1 as eluent to obtain 2.11 g of Compound 21. 

The product was treated with isppropahdX hydrogen 
chloride solution in isopropanol to obtain trihydrochlo^ride 

15 1/2 hydrate of Compound 21. 

Compound production examples 22 and 23 

The similar procedures as in Compound production 
example 21 were repeated by using 4.80 g of 5 -amino- 7-, 

20 methoxy-5, 11-dihydro [1] benzoxepino [3, 4-b] pyridine and 6.0 g 
of hydrochloride of 2- (2 , 5-dimethyl-l-piperidinyl) ethyl- 
chloride to obtain a mixture of Compounds 22 and 23f. The 
mixture was subjected to column chromatography on silica 
gel (eluent: n-hexane : ethyiacetate : triethylamine . = 

25 5 :10 : 1) to obtain 2.79 g of Compound 22 and 1.51 g of 

Compound 23. Hydrochlorides of Compound 22 and. Compound 23 
were prepared according to the similar manner as in Com- 
pound production example 21. 

30 Compound production example 24 

A mixture of 2.00 g of 5-hydroxy- 7-methoxy- 5, 11- 
dihydro [1] benzoxepino [3, 4-b] pyridine and 2. 6 ml of trifluoro 
acetic acid anhydride was stirred at room temperature; under 
nitrogen gas atmosphere for 30 minutes. To the mixture was . . 

35 added 4.20 g of 2-diethylaminoethanethiol hydrochloride and 
the mixture was stirred at 100°C for 12 hours. After 
allowing the mixture to stand for cooling, the reaction 



solution was poured into ice water, 

. After nutralizing the solution with aqueous sodium 
hydrooxide solution , organic solvent layer was washed with 
water , dried over anhydrous sodium sulfate, filtered and 
concentrated under reduced pressure. The residue was 
subjected to column chromatography on silica gel (eluent: 
n-hexane : ethylacetate : triethylamine = 10 : 5 : 1) to 
obtain 2.74 g of Compound 24 as oily matter. 

Dihydro chloride of Compound 24 was prepared 
according to the similar manner as in Compound production 
example 21. 

Compound production example 25 

In this example, 2.00 g of 5-amino-7-methoxy- 
5,ll-dihydro[l]benzoxepino[3,4-b]pyridine and 1.2 ml of 
triethylamine were dissolved in 50 ml of ethylether and 
0.93 g of chloroacetyl chloride was dropwise added thereto 
Under ice cooling. After stirring the solution under ice 
cooling for one hour, ethylacetate was added thereto. 
The mixture was washed with water and then saturated aqueous 
sodium chloride solution, dried over anhydrous sodium 
sulfate and filtered, and the solvent was evaporated under 
reduced pressure. To the residue were added 70 ml of 
toluene and 3.0 g diethylamine and the mixture was refluxed 
for "3 hours. Then, ethyl acetate was added thereto. The 
mixture was washed with water and then saturated aqueous 
sodium chloride solution, dried over anhydrous sodium 
sulfate and filtered, and the filtrate was concentrated 
under reduced pressure. The residue was subjected to column 
chromatography on silica gel (eluent: ethyl acetate : n- 
hexane : triethylamine = 10 : 5 : 1) to obtain 2.35 g of 
Compound 25 as oily matter. 

Dihydrochloride of Compound 25 was prepared 
according to the similar manner as in Compound production 
example 21. 
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Compound production example 26 

In this example, 3.00 g of 5-hydroxy-5 , 11- 
dihydro [1] benzoxepino [3, 4-b] pyridine was suspended in 60 ml 
of dichlorome thane and 2.0 ml of thionyl chloride was added 
thereto under ice cooling. The mixture was subjected to 
reaction under ice cooling for 30 minutes and at room tem- 
perature for 1 hour. The mixture was concentrated to 
dryness under reduced pressure, and 60 ml of acetonitrile 
and 4.69 g of silver cyanide were added thereto and the 
mixture was refluxed for one and a half hours. After 
completion of the reaction, the mixture was filtered and 
ethyl acetate and water were added to the filtrate. After 
shaking, an aqueous layer was discarded and the organic 
solvent layer was washed with saturated aqueous sodium 
chloride solution, dried over anhydrous sodium sulfate and 
filtered and concentrated under reduced pressure. The 
residue was subjected to column chromatography on silica 
gel using n-hexane / ethyl acetate = 4/1 as elueht to 
obtain 1.70 g of 5-cyano-5 , 11-dihydro [1] benzoxepino [3 , 4-b] - 
pyridine. 

IR(KBr) : 2900, 2250, 1490, 1450 

^"H-NMR (CDC1 3 ) : 5.12 and 5.80(q^ 2H, AB type), 5.31 
(s, 1H), 6.89-7.56(m, 5H), 7.85(dd, 1H), 8.39 
(dd, H). ~ ' " ~ " . " ■'"'\ 

Then, 1.50 g of 5-cyano-5, 11-dihydro [1] benzoxe- 
pino [3, 4-b] pyridine obtained above and 0.31 g of sodium 
amide were heated in 25 ml of toluene at 100° C for one hour. 
1.7 g of 3- (N,N-diisopropylamino) propyl chloride were added 
thereto and the mixture was refluxed for 7 hours. After 
allowing the mixture to stand for cooling, 20 ml of water 
was added thereto and the mixture was extracted with ethyl 
acetate. The extract was washed with saturated aqueous 
sodium chloride solution, dried over anhydrous sodium 
sulfate and filtered and the filtrate was concentrated under 
reduced pressure. The residue was subjected to column 
chromatography on silica gel (eluent: n-fiexane : ethyl 
acetate : triethylamine * 10 : 2 : 1) to obtain 2.15 g of 
Compound 26. 
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Compound production example 27 

In this example, 1.25 g of Compound 26 obtained 
in Compound production example 26 was heated at 90 - 95°C 
in 3.6 ml of concentrated sulfuric acid with stirring for 
5 2 hours. After allowing the mixture to stand for cooling, 
the mixture was poured on ice and was alkalinized with 
aqueous sodium hydroxide solution. The mixture was extracted 
with ethyl acetate. The organic solvent layer was washed 
with water and then saturated aqueous sodium chloride 
10 solution, dried over anhydrous sodium sulfate and filtered 
and the filtrate was concentrated to dryness under reduced . 
pressure to obtain 0.96 g of 1/2 hydrate of Compound 27 as 
crystals. 

15 Compound production example 28 ' 

To a solution obtained by dissolving 2.18 g of 
Compound 1 in 60 ml of dichlorome thane was drOpwise added 
a solution obtained by dissolving 1.2 ml of boron tri- 
bromide in 12 ml of dichlorome thane at -60°C. 

20 After completion of the addition, the temperature 

of the mixture was gradually brought back to room tempera- 
ture and the mixture. was stirred at room temperature over 
night. After extracting the reaction solution with water r 
the.pH of the mix:ture was adjusted, to 9 with aqueous sodium 

25* hydroxide solution. After adding dichlorome thane, the 

mixture was stirred to deposit crystals • The crystals were 
separated by filtration and dried to obtain 1.00 g of 
Compound 28. Trihydrochloride of Compound 28 was prepared 
according to the similar manner as in Compound production 

30 example 21. 



Compound production examples 29 and 30 

In 300 ml of tetrahydrofuran was suspended "45.0 g 
of hydrobromate of 3-diethylaminopropyl-triphenylphosphonium 
bromide and 116 ml of 1.5M n-butyl lithium was dropwise 
added thereto under ice cooling. After the addition, the 
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mixture was stirred at room temperature for two and a half 
hours. To the mixture was dropwise added under ice cooling 
a solution obtained by dissolving 10. 0 g of 5-oxo-7-methoxy- 
5 , 11-dihydro [llbenzoxepino [3, 4-b] pyridine in 160 ml of 
tetrahydrofuran. After stirring the reaction solution at 
room temperature overnight , the solution was concentrated 
under reduced pressure and ethyl acetate was added to the 
residue. The mixture was washed with water and then with 
saturated aqueous sodium chloride solution, dried over 
anhydrous sodium sulfate , filtered and concentrated under 
reduced pressure. The residue was subjected to column 
chromatography on silica gel (eluent: n-hexane : ethyl- 
acetate ; triethylamine = 10 : 5 : 1) to obtain 4.73 g of 
Compound 29 and 5.21 g of Compound.. 30. 

According to the similar manner to in Compound 
production example 21, trihydrochloride 1/3 hydrate of 
Compound 29 and trihydrochloride 1/3 hydrate of Compound 30 
were obtained. 

Compound production examples 31 and 32 

The similar procedures as in Compound production 
examples 29 and 30 were repeated using 6.33 g of 5-oxo- 
5, 11-dihydro [l]benzoxepino [3, 4-b] pyridine and 32.6 g of 
hydrobromate of 3-diethylaminopropyl-triphenyiphosphonium 
bromide to obtain 3.17 g of Compound 31 and 2.80 g of Cora- 
pound 32 (containing a small amount of Compound 31) . 

According to the similar manner to in Compound 
production example 21, dihydrochloride of Compound 31 and 
dihydrochloride 2/3 hydrate of Compound 32 (containing 
12% Compound 31) were obtained. 

Compound production example 33 

In this example, 4.0 g of 5-oxo-5, 11-dihydro [ll- 
benzoxepino [3, 4-b] pyridine was dissolved in 30 ml of con- 
centrated sulfuric acid. To the solution was dropwise 
added a mixture of 2 g of concentrated nitric acid and 1 ml 
of concentrated sulfuric acid at -30°C. After the addition, 
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the temperature of the mixture was gradually brought back 
to room temperature, and the mixture was poured into iee 
water and was made alkaline with aqueous sodium hydroxide 
solution. After separating crystals by filtration, the 
5 crystals were washed with ether and dried "to obtain 4.2 g 
of 7-nitro-5-oxo-5 , 11-dihydro [1] benzoxepino [3 , 4-b] pyridine. 
Melting point: 205 - 207°C (Decomposition) 
IR (KBr disk): 1660, 1610, 1580, 1518, 1340, 1080 cnT 1 . 
"-H-NMR (DMSO-d 6 ): 5 . 58 (s, 2H) , 7 . 4 2 (d, 1H) , 7.67(dd, 1H) , 
10 8.25(dd, 1H), 8.43(dd r lH),8.84(dd, 1H) , 8.90(d, 1H) 

Then, 4.0 g of 7-nitro-5-oxo-5 , 11-dihydro [1] - 
benzoxepino [3, 4-b] pyridine was suspended in a mixed solution 
of 150 ml of ethanol and 40 ml of. water. To the suspension 
15 were added 4.7 ml of concentrated hydrochloric acid solu- 
tion and 0.4 g of 10% Pd-c and hydrogen gas was fed to the 
mixture at room temperature with stirring for one hour. 
After the reaction mixture was filtered, the filtrate was 
concentrated to dryness under reduced pressure and the 
20 residue was dissolved in water. The mixture was made 

alkaline with aqueous sodium hydroxide solution and the 
deposited crystals are separated by filtration, and dried to 
obtain 3.1 g of 7-amino-5-oxo-5, 11-dihydro [l]benzoxepino- 
- [3, 4-b] pyridine. 
25 • Melting point: 149 - 151. 5° C 

IR (KBr disk) : 3400, 3330, 1650, 1618, 1490, 1320 cm"" 1 
^H— NMR (CDC1 3 +DMS0-d 6 ) : 4.78(brs, 2H) , 5.19(s, 2H) , 
6.84 (d, 2H), 7.23-7.59 (m, 2H) , 8.22(dd, 1H) , 
8.62 (dd, 1H) 

30 Then, 2.6 g of 7-amino-5-oxo-5, 11-dihydro [1]- 

benzoxepino [3, 4-b] pyridine was dissolved in a mixed solvent 
of 80 ml of ethanol and 30 ml of tetrahydrofuran. To the 
solution was added 0.3 g of sodium boron hydride at room 
temperature and the mixture was stirred overnight. The 

35 reaction mixture was poured into water and crystals were 

separated by filtration, dried to obtain 2.0 g of 7-amino- 
5-hydroxy- 5, 11-dihydro [1] benzoxepino [3 , 4-b] pyridine . 



r » c » e » • * r t t 



: : •"■'G'02-7-669-2'"' 

Melting point: 176 - 178°C 

IR (KBr) : 3380, 1580, 1500, 1200, 1050 cm^ 1 
^•H-NMR (DMSO-dg + CDClg) : 4 . 51 (bs , = 2H) /' 4 . 94 and 5 . 23 
(q, 2H, AB type), 5 . 73-6- 89 (m, 5H) , 7.10 (dd, 1H) , 
5 7.93(dd, H), 8.23(dd, 1H) 

Then, 2.0 g of 7-araino-5-hydroxy-5, 11-dihydro [1]- 
benzoxepino [3, 4-b] pyridine was dissolved in 70 ml of 
methanol and the solution was made weak acid with hydro- 
chloric acid. To the solution* were added 2.7 g of sodium 
10 cyanoborohydride and 35% aqueous * formaldehyde^ solution and 
the mixture was stirred at room temperature for one hour. 
After the concentration of the mixture under reduced pres- 
sure, water was added thereto and the mixture was made 
alkaline with aqueous sodium hydroxide solution. The 
15 mixture was extracted with ethyl acetate, washed with 

water, dried over anhydrous sodium sulfate and filtered, 
and the filtrate was concentrated to dryness under reduced 
pressure to obtain crude crystals. The product Is re- 
crysrallized from isopropanol to obtain 1.7 g of 7-dimethyl- 
20 amino-5-hydroxy-5 , 11-dihydro [1] behzoxepino [ 3 , 4-b] pyridine . 
Melting point: 154 - 157°C 

IR (KBr): 3150, 1615, 1580, 1510, 1220, 1050 cm - " 1 
^H— NMR (PMSp-dg + CDC1 3 ) : 2.80(s, 6H) , 5.03 and 5.26 
(q, 2H, AB type), 5.89(bs, 1H) , 6.14(s, 1H), 
25 6.33-7.26 (m, 4H) , 7.94(dd, 1H) , 8.22 (dd, 1H) 

Compound production example 34 

In this example, 5.0 g of 5-hydroxy-7-methoxy- 
5, 11-dihydro [l]benzoxepino [ 3, 4-b] pyridine was dissblved in 

30 120 ml of dichloromethane and 1.6 ml of thionyl chloride 
was added thereto under ice cooling. The mixture Was 
stirred under ice cooling for 30 minutes and kt room tempe- 
rature for one hour. The reaction solution was concentrated 
to dryness under reduced pressure and the residue was dis- 

35 solved in 100 ml of dichloromethane. The solution was added 
dropwise under ice cooling to 300 ml of dichloromethane 
saturated with ammonia gas and the mixture was stirred at 
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room temperature for one hour. The mixture was filtered 
and the filtrate was washed with water, dried over 
anhydrous sodium sulfate and filtered. The organic solvent 
was evaporated under reduced pressure to obtain 4.9 g of 
5 5-araino-7— methoxy-5, 11-dihydro [l]benzoxepino [3 , 4-b] pyridine 
as oily matter 

IR (neat): 3370, 1580, 1500, 1210, 1040 cnT 1 
■hi-NMR (CDC1 3 ) : 2.33 (s, 2H) , 3.72 (s f 3H) , 4.86(s, 1H) , 
5.07 and 5.39(q, 2H, AB type), 6.577(m, 4H) , 
10 7.6*7 (dd, 1H), 8.36 (dd r 1H) . 

Compound production example 35 

In this example, 100.0 g of 2- (4-methoxyphenoxy) - 
methylpyridine-3-carboxylic acid was suspended in 1.5 £ of 

15 If If 2, 2-tetrachloroethane and 136 ml of trif luoroacetic 
acid anhydride was added thereto at room temperature. 
After stirring the mixture for 40 minutes, 38 ml of complex 
of boron tri fluoride and ethylether was added thereto and 
the mixture was stirred at 100 -110°C for 4 hours. After 

20 allowing the mixture to stand for cooling, the mixture was 
poured into ice water and aqueous sodium hydroxide solution 
was added thereto to make the aqueous layer alkaline. 
After shaking, the aqueous layer was discarded, and the 
organic solvent layer was dried over anhydrous sodium 

25 sulfate and filtered. The filtrate was concentrated under 
reduced pressure. The residue was subjected to column 
chromatography on silica gel using n-hexane /ethyl acetate 
= 2/1 as eluent to obtain 67.0 g of 7~methoxy-5-oxo-5,ll- 
dihydro [1] benzoxepino [3 , 4-b] pyridine as crystals . 

30 Melting point: 79 - 80.5°C (isopropylether) 

IR (KBr disk): 1643, 1610, 1489, 1300 citf 1 
"**H— NMR (CDCl^) : 3.78 (s, 3H) , 5.24 (s, 2H) , 6.93-7.70 
(m, 4H) , 8.25 (dd, 1H) , 8.63(dd, 1H) 



35 
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Compound production example 36 

In a mixed solvent of 200 ml of ethanol and 100 ml 
of tetrahydrofuran was dissolved 10.0 g of 7-iuethoxy-5-oxo- 
5, 11-dihydro [ljbenzoxepino [3, 4-b] pyridine obtained in^Com- 
5 pound production example 35 and 1.0 g of sodium boron 

hydride was added thereto under ice cooling. The mixture 
was stirred at room temperature for three hours and con- 
centrated under reduced pressure. Ethyl acetate and water 
were added 4 to the residue and the mixture was shaken. 

10 The aqueous layer was discarded/ and the organic solvent 
layer was washed with saturated aqueous sodium chloride 
solution, dried over anhydrous sodium sulfate and filtered. 
The filtrate was concentrated to dryness under reduced 
pressure and the resultant crude crystals were recrystal- 

15 lized from toluene to obtain 7.1 g of 5-hydroxy-7-methoxy- 

5 ,11-dihydro [1] ben zoxepinot 3 ,4-b] pyridine as white crystals. 
Melting point: 128 - 130. 5°C 

IR (KBr disk): 3150, 1590, 1490, 1435, 1200 cm"" 1 
•Si-NMR (CDC1 3 +DMSO-d g ) : 3.69(s, 3H) , 5.07 and 5.30 
20 (q, 2H, AB type), 5.92(d, 1H) , 6.18 (d, 1H) , 

6.48-7.28(m, 4H) , 7.94(dd, 1H) , 8.22(dd # 1H) 

Compound production example 37 

In 15 ml of dichlorome thane was suspended 1.00 g 

25 5-hydroxy-5, 11-dihydro [l]benzoxepino [3, 4-b] pyridine and 
0.45 ml of thionyl chloride was added thereto under ice 
cooling. The mixture was stirred under ice cooling for 30 
minutes and then at room temperature for one hour. 

The reaction solution was concentrated to dryness 

30 under reduced pressure and the residue was dissolved in 15 
ml of N,N-dimethylformamide. Then, 1.60 g 2-diethylamino- 
ethanethiol hydrochloride and 3.20 g of potassium carbonate 
were added thereto and the mixture was stirred at room 
temperature for 6 hours. The resultant mixture was added 

35 to water and the mixture was extracted with ethyl acetate. 
The organic solvent layer was washed with water, and then 
saturated aqueous sodium chloride solution, dried over 
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anhydrous sodium sulfate and filtered and the filtrate was 
concentrated under reduced pressure. The residue was sub- 
jected to column chromatography on silica gel (eluent: n- 
hexane, : ethyl acetate : triethylamine = 15 : 5 : 1) to 
obtain 0,74 g of Compound 33 as oily matter. 

Compound production example 38 

The similar procedures as in Compound production 
example 37 were repeated using 2.00 g of 5-hydroxy-7- 
methyl-5,ll-dihydro [l]benzoxepino [3 ,4-b] pyridine and 4.50 g 
of 2-diethylaminoethane thiol hydrochloride to obtain 2 . 11 g 
of Compound 34 as oily matter. 




Scope of Claims 



1. An antiarrhythmic agent containing [l]benzoxepino 
[3, 4-b] pyridine derivatives represented by th6 formula (I) 
and a pharmacologically acceptable acid addition salt 
thereof; 



{ I ) 



In the formula , 

a) R 1 represents lower alkoxy, halogenated lower alkyl, 
halogenated lower alkoxy, hydroxy, lower alkylamino, 
di-lower alkylamino, cycloalkylamino, lower alkanoyl- 
amino , carbbxyamino or lower alkoxy carbohylamino , 

represents hydrogen , 

R 3 represents Z-N-(CH 0 ) -Y or -n' N— W 

I z n v / 

£ m 

wherein Y represents amino, lower alkylamino, di- 
lower alkylamino, cycloalkylamino, heterocyclic 
group containing nitrogen atom or lower alkyl- 
substituted heterocyclic group containing nitrogen, 
Z represents hydrogen, lower alkyi or lower alkanoyl 
n represents 1, 2 or 3, 

W represents hydrogen or lower alkyl, and 
m represents 0, 1 or 2, and 

4 

R represents hydrogen or 

b) R 1 represents lower alkoxy or halogenated lower alkyl, 

2 

R represents hydrogen, 
3 

R represents -NHCOCH 2 Y wherein Y has the same meaning 
as previously defined, and 

4 

R represents hydrogen , or 



d) 
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c) R and R simultaneously represent lower alkoxy, 

R 3 represents Z-N-(CH 2 ) -Y, -N ^ N — W or -X-(CH ) -Y 

wherein n, Y, Z, m and W have the same meanings as 
previously defined, and X represents oxygen or 
sulfur, and 

4 

R represents hydrogen or 

R 1 represents hydrogen, lower alkyl, halogen, haloge- 
nated lower alkyl, lower alkoxy , halogenated lower 
alkoxy, hydroxy, lower alkylamino, di-lower alkyl- 
amino, cycloalkylamino , lower alkanoylamino, carboxy- 
amino or lower alkoxycarbonylamino, 

2 

R represents hydrogen, 

With respect of R 3 and R 4 
3 

(1) R represents -X-(CH 2 ) n -Y wherein n, X and Y have 
the same meanings as previously defined, and 
R 4 represents hydrogen; 

(2) R 3 and R 4 , taken together, are =CH (CH 0 ) Y 

2 n 

wherein n and Y have the same meanings as pre- 
viously defined, or 

R 3 represents -( CH 2 ) n+l"" Y wherein * and Y have 
the same meanings as previously defined and 
R represents cyanb or carbamoyl. 



(3) 



2. Antiarrhythmic agent according to claim 1, wherein 
said [llbenzoxepino [ 3, 4-b] pyridine derivative is a compound 
represented by formula (I-l) : 



Z-N— (CH 9 ) • — Y 
n 




( I-l) 



wherein Z, Y and n have the same meanings as previously 
defined in formula (I) and R 1 is lower alkoxy. 
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3, Antiarrhythmic agent according to claim 2, wherein 

1' ' 
R is bound to 7-position. 

4. a compound represented by formula (I-H)* and a 
pharmacologically acceptable acid addition salt thereof. 




(1-11) 



In the formula: 
■l ii 

a) . R represents halogenated lower alkoxy, hydroxy, lower 

alkylamino, di-lower alky latino, cycloalkylamino, lower 

alkanoylamino, carboxyamino or lower alkoxycarbonyl- 

amino ; 
2 1 

R represents hydrogen 

3» /~~\ 
R represents Z-N- (CH 0 ) -Y or -N N — W 

N -< CH 2>m 

wherein Y represents amino , lower alkylamino, di- 
lower alkylamino, cycloalkylamino, heterocyclic 
group containing nitrogen or lower alkyl-substituted 
heterocyclic group containing nitrogen, 
Z represents hydrogen, lower alkyl or lower 

alkanoyl, 
n represents .1, 2 or 3, 
W represents hydrogen or lower alkyl, 
m represents* 0, 1 or 2, and 

4 1 

R represents hydrogen, 
1" 2 1 

b) R and R , taken together, are lower alkoxy, 

3 1 / V 

R represents Z-N- (CH« ) Y, -N N — W or 

I ^ n v / . 



-X-(CH 2 ) n -Y wherein n, Y, Z, m and W have the 
same meanings as previously defined and X is oxygen 
atom or sulfur and 
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4 ■ 

R represents hydrogen or 
l n 

c) R represents hydrogen , lower alkyl, halogen, haloge- 

nated lower alkyl, lower alkoxy, halogenated lower 

alkoxy 7 hydroxy, lower alkylamino, di-lower alkylamino, 

cycloalkylamino, lower alkanoylamino, carboxyamino or 

lower alkoxycarbonylamino, 
2 1 

R represents hydrogen, 

3 1 4' 

With respect to R and R , 

3 * 

(1) R represents -X-(CH 2 ) n -Y wherein n, X and Y 

have the same meanings as previously defined, and 
4 1 

R represents hydrogen 
3 9 4 1 

(2) R and R , taken together, are =CH 2 (CH 2 ) n Y 
wherein n and Y have the same meanings as pre- 
viously defined or 

3 • 

(3) R represents - "t CH 2 ) n+l" Y wherein n and Y have 
the same meanings as previously defined and 

R 4 represents cyano or carbamoyl. 



5. The compound or pharmacologically acceptable acid 
addition salt according to claim 4, wherein R 1 is lower 
alkoxy, R 2 " is hydrogen, R 3 " is NHCH 2 CH 2 N(C 2 H 5 ) 2# 



C 0 H e; 

NHCH 2 -^ y , N N-CH 3 or NHCH 2 CH 2 ~N^ 



4 1 

and R is 



hydrogen . 

6 . 5- [2- (diethylamino) ethyl] amino- 7-methoxy- 5 , 11- . 
dihydro[l]benzoxepino [3, 4-b] pyridine and a pharmacologically 
acceptable acid addition salt thereof. 



